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Proposal for Investigating Low Rates of 
Told Fus i o n" Events 

© Investigate p-D, rather than D-D reactions (e.g., use a 
50/50 light/heavy water cocktail), 

o Logic; 

1. The p-D source becomes stronger than the D-D soufce at 
LOW REACTION RATES, AND THE 5,5‘MeV GAMMA RAY OF THE 

P + D + ^HE + Y REACTION IS ABOUT AS EASY TO IDENTIFY 
AS THE 2,45 MeV NEUTRON OF THE D + D - ^He + N 
REACTION. 

2. Measuring the approximate ratio of p-D to D-D reactions 

PROVIDES A DIRECT TEST FOR "COLD-FUSION" TUNNELLiNG, 
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Richard L. Garwin 
IBM Research Division 
Thomas J. Watson Research Center 
P.O. Box 218 

Yorktown Heights, NY 10598 

(914) 945-2555 

FAX: (914) 945-2141, Telex: 137456 IBMRESRCH YKHG UD, BITNET: RLG2 at 

IBM.COM 


April 17, 1989 
(Via FAX to Oil (44-1) 836-9934) 


Dr. Laura J. Garwin 

Physical Sciences Editor 
Nature 

Macmillan Journals Ltd. 

4 Little Essex Street 
London WC2R 3LF 
ENGLAND 

Dear Laura, 
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Also Adjunct Professor of Physics at Columbia University 
(Views not necessarily those of IBM or Columbia) 
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For Dr. Roland Pease, NEWS AND VIEWS. AND Dr. Laura Garwin, Physical 
Sciences Editor, Nature. 

FAX 011-441- 836-9934 

April 16, 1989 23:27 New York time. 

Dear Drs . Pease and Garwin: 

This is written on the assumption that I have 1200 words because the ac- 
tual paper(s) will be published in the following issue. However, I have 
not actually counted the words, and I apologize for sending this precursor 
without being able to format it visually for FAX transmission. It will 
be double spaced. By 0830 EDT, I will send the formatted version, but 
you may want to work on this sooner and to send me lined-out and marked 
up copy to my FAX at IBM: 

for Richard L. Garwin (914) 945-2141. 

If I have only 900 words, please hint or direct modifications. Let me 
just explain my whereabouts on Monday. I will be at Yorktown, at an IBM 
Science Advisory Committee meeting all day. However, I am very much 
available, both to read and to write. The easiest way to communicate with 
me is by FAX, but if you want to talk with me, call me at my regular number 
(914) 945-2555 and ask for me to return the call within a few minutes. 

After my meeting starts at 0830, I may find a FAX closer to the conference 
room. If so, i'll let you know. Also, I hope to find first thing a FAX 
with the names and addresses of those at the Erice Forum, so that I can 
clarify some "??" in the Meeting Report. 

XX 

Sorry to make you puzzle out superscripts: and subscripts, etc. 

R.L. Garwin *********** 


An International Forum on Cold Nuclear Fusion* 
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* April 12, 1989, at "Ettore Majorana" Center for Scientific Culture, 
Erice, Sicily, convened by Antonino Zichichi, Director. 



of their work at Brigham Young University, Provo, Utah, on room temper- 
ature nuclear fusion of deuterium-- cold nuclear fusion. A full day of 
presentations and discussion brought no consensus on the results, no 
credible theory to explain them, but some suggestions as to where to look 
for explanation or confirmation. 


FAMILIAR REACTIONS IN UNEXPECTED CIRCUMSTANCES? 
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Jones, et al, electrolyze 2 heavy water (99.5% D O) in a pH 3 solution 


of a witch's brew of salts (including Li and Pd), with»rough Ti chunks 

/ 

\Pd foil/ds cathode, driving dihrteTiTiffi'Tmto the metal with a supply 


voltage of 3-25 V at cell currents of 10-500 mA. A gold foil was used 


as anode in each 20-ml cell. A counter designed to detect and identify 


fast neutrons indicates a total of 170 +/- 23 counts with a pulse-height 


spectrum consistent with that expected for the 2.45 MeV neutron of the 


well-known fusion reaction: 


d + d = 3 He (0.82 MeV) + n (2.45 MeV) (i) 


J.B. Czirr described the neutron detector in detail, which detects a 
thermalized neutron by the light flash in 6 Li-doped glass and determines 
the neutron energy by the overall fast light pulse emitted in the pre- 
ceding 20 microseconds from a liquid scintillator in which the proton 
recoils occur as the neutron thermalizes. The counting rate is but 2 per 
hour in the relevant region of pulse height. 
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Analogous experiments 1 used a strongly alkaline solution of 0.1 M LiOD 


in heavy water to drive deuterons into Pd rod cathodes (cast and machined) 


under the influence of cell currents up to 800 mA and voltages typically 


of 12 V. Reaction (i) is to be detected by the 2.22 MeV gamma ray that 


results from capture of the 2.45 MeV neutron (after thermalization) eut a 


Vi 


proton of the surrounding water bath: 


p + n = d + IS (2.224 MeV) 


(ii) 


A very narrow peak at 2.2 MeV containing some 3000 2f-ray counts is shown 
for an Nal scintillation detector close to the electrolytic cells, in 

A 

comparison with the "level spectrum" in a similar detector 5 m or 10 m 


away. Unfortunately, the full pulse-height spectrum is not shown, so one 
can't verify the presence of the annihilation radiation "escape peaks" 


that would lend more confidence to the neutron origin of these counts, 


Furthermore, no evidence connects the counts with current applied to the 


cell, and there have been no runs with ordinary water as a control. 


The scientific and patent literature for the last 60 years have occasional 
claims of nuclear fusion catalyzed by Pd, but there have previously been 
no credible reports of neutrons from metal deuterides for reasons thought 



to be well understood: the Coulomb barrier to close approach by nuclei 


of charges Z^e and Z^e amounts to (Z^e)x(Z 2 e)/r, or about 600 keV for 
Zj=Z 2 = l> reducing the quantum mechanical tunneling probability to a very 

small value for deuterons in a molecule to approach to with the range 

/$ I £-7 

of nuclear forces. New calculations were presented to the Forum 3 (Koonin, 
Caltech) 


3. Koonin, S.E., and Nauenberg, M., (submitted to Nature 7 April, 1989) 


of the fusion reactions per second per deuteron ^ bound in a deuterium 
molecule by "electrons" of normal charge but mass m* instead of m^: 


Table 1. Base- 10 logarithms of fusion rates per deuteron per second. 


''A 


7 


m*/ m # 1#2#5# 10# (200 / 


X f-dd # " 63 - 5# " 4 °- 4# ' 19 - 8# "° 9 - 1# ^ +6) ' 


Xf_ d #-55 . 0#-36 . 0#- 19 . 0#- 10 . 4# 


Other participants agreed with these results, which correct an error in 
some previous calculations and use a more accurate molecular potential. 
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An important experimental point is provided by the m*=200 case, in which 


a negative muon binds two deuterons as a molecular ion 200 times smaller 


in dimension than the normal molecular ion, with of soipe 10 


6 -1 


as predicted 3 


3. F.C . Frank, Nature, V. 160, 525 (1947). 4. L.W. Alvarez, et al., Phys . 

Rev., V. 105, 1127 (1957). 


and observed 1 *. The resuTfs of Table 1 show the strikingly easier pene- 


tration of the barrier by the proton (because of the "reduced mass" = 


M^M^/ (M^+M 0/ / in the barrier penetration factor 

B = e ^(r)dr f w here k(r)=[2p(V(r)-e)] and the integral runs from 0 


to the classical turning point r^. In the region of the claimed neutron 

_20 

production rate 2 , X^ ^=10 , so that m*/ 01^=5 from Table 1. A similar 


value is needed to explain the 2f-ray counts 1 . 


Although quasi particles of high effective mass are well known in metals, 
their m* relates to density of states vs. energy in the band structure 


of the lattice; 


a quasi particle of m*=5 is not capable of binding two 
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deuterons to a density 5 3 =125 times that of molecular hydrogen, or of 
allowing the nuclei to approach one another to a distance 5 times smaller 


k 


than the 0.74 Sd^ngstirdm,'- internuclear separation in D ;-- 0.15 

ft j ^ 

^Angs-troin . , at which the repulsive potential amounts to some 95 eV. 


It was suggested therefore to look for dynamic effects to augment the 


equilibrium tunneling-- phonon-assisted tunneling (Koonin) , or coherent 
acceleration (Ponomarev, US,S®) in which traveling electron density waves 

A ♦ A' 

xv 


could trap deuterons and accelerate them to the same velocity as the 
waves; the deuteron kinetic energy would then be some 3700 times that of 
an electron of the same velocity and would greatly enhance the tunneling 
through the barrier. Alternatively, a solution could be sought in 
"high-T^ superconductivity or other miracle of solid-state physics." 


Several experimental groups at the Forum presented results showing no 
neutrons or gamma rays generated in replication of (1) or (2). 



Electrolyzing 1-mm by 10-cm rods for 10 days gave neutron yields below 


0.6 s '*'-cm ^ (M.M. Broer, AT & T Bell Labs), (less than 10 ^ tAkt' of that 


“3 - 1 -3 

reported in similar circumstances 1 ) and an upper limit of 10 s -cm 



was set for the detection of t or j/i from the d+d reaction ( J Ziegler, 

pv 

IBM). Experiments were reported (Celani, Frascati) with "some increase 

A 

n 

in neutron signal at the beginning of each experiment for about 5 minutes, 
but indistinguishable from background after 20 minutes." Experiments 
will be transferred to the great underground laboratory at Gran Sasso; 
perhaps also those who claim the ability to produce neutrons will be 
hospitable to those more adept at detecting than at producing them in this 


way. 






.. * 
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NON L'AVREI GIANMAI CREDUTO. . . 
MA FARO QUELCHE POTRO. . . 


ti<. 


<<*■’ ,, / 


p 






("i would never^ have believed this, but i'll see what I can do," Don 

J h 

- ' ^ ,U . | J 

Giovanni, quoted by Maiani?^ J. 

***NATURE should decide if it wants to use this quotation. If so, you 
or I will have to get the precise wording*** 


n 

This, of course, refers to the heat generation of some 10 W per 


cc for 100 hours or more, as well as destructive releases of heat that 


fuse and vaporize Pd and destroy the cell. Although the latter is likely 
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to result from the electrochemical creation of high explosive by stuffing 


hydrogen into high-energy sites in Pd (analogous to the Wigner energy in 
neutron- irradiated graphite), no such explanation can account for the 4 
MJ/cc or 600 eV per atom to which such continuous energy release would 
correspond, if indeed there is such excess heat flow to the surrounding 


water bath, in excess of that represented by the product of current and 
voltage applied to the cell (typically 0.8 A at 12 V). Stored energy 


could be at most 3 eV or so in any chemical reaction, so it is of the 


utmost importance to inquire into the details of this measurement; un- 


fortunately, details are lacking. 


The "excess enthalpy generation" is measured calorimetrically 1 by a 
"calibrated thermistor" as a AT between the (sometimes stirred) contents 


of the electrolytic cell and a surrounding thermostated water bath, in 
comparison with the AT measured for a resistance heater in the cell; the 
thermal impedance is that posed by the dewar flask in which each exper- 
iment is conducted. For rods of 1 mm, 2 mm, 4 mm diameter, an excess heat 


rate is found 1 that depends strongly on the current density, amounting 


to 8-20 W/cc at 0.5 A/cm 2 , 


excess heat persists during the 
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operation of the cell for hundreds of hours, even though the surface of 
the Pd rod 


I have seen insufficient evidence to believe that there is "excess heat," 


since the AT is measured between the bath and tkd thermistor in the 


electrolytic cell, rather than along a fixed conductive link between cell 
and bath. ppetj.firrarl "lyf 4f there are significant temperature gradients 
within the cell because of imperfect stirring or local recombination of 


hydrogen and oxygen gas, the thermistor temperature will not be the tem- 


perature of the inside wall of the flask, resulting in very substantial 


errors in inferred heat generation. 


Even more striking than a heat -producing fusion reaction at a rate some 


6xl0 12 cm ^ s ^ is the simultaneous claim of /detectjiorf of only 4x10' 


-3 -1 -9 

neutrons produced cm s ; fewer than 10 of the reactions are supposed 


to produce a neutron. How can this happen? A coherent superposition of 


isotopic spin states for d+d could cancel the neutron-producing reaction 
and reinforce the t+p branch (D. Wilkinson, Wy( but would not eliminate 


the usual isospin-zero reaction; it would thus change the neutron 
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branching ratio only if the barrier penetration were greatly facilitated. 
This effect can be estimated, and I judge the effect is only a few per 
cent rather than a factor 10 9 . 


Suggestions of radiationless de-excitation of the “'He intermediate state 
formed by d+d thus far fail in two regards: first, the lack of a mech- 



anism, and second, ^such a mechanism would add a channel to the usual 
particle decay of “He rather than suppress the usual channel. Thus such 



a mechanism would need to be 10 9 times faster than the usual particle 
channels that themselves occur in nuclear transit times-- a totally new 
phenomenon. Finally, the needed mechanism must not have shown itself in 
the measurement of the cross sections-- some of which were done in gas 
cells, but some, at times, in metal hydrides. 


L. 

I \ 

"SOMEBODY IS GOING TO EAT HIS HAT" (Maiani, . ??)'" 

/ 

"WE ARE ALSO HUMAN, AND NEED MIRACLES, AND HOPE THEY EXIST" (Ponomarev j 
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A few neutrons each second (or a few thousand) from an electrolytic cell 
may be cold nuclear fusion, or may be due to an "arcs and sparks" origin. 
Within the next few weeks, experiments will surely show whether cold nu- 
clear fusion is taking place; if so, it will teach us much besides hu- 
mility and may indeed provide insight into significant geophysical 
puzzles 2 . Large heat release from fusion at room temperature 1 would be 
a multi-dimensional revolution; I bet against its confirmation. 

Sincerely yours, 


Richard L. Garwin 
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Consensus on cold fusion still elusive 



After a full day of presentations and dis- 
cussion of the recent claims of cold nuclear 
fusion, there was no consensus on the 
results, no credible theory to explain 
them , but some suggestions as to where to 
look for an explanati on ore o nfir matkuu. 
The work of the Utah group' was presen- 
ted at the meeting last week by M, 
Fleisehmann, that of the Brigham Young 
group’ by S.E .Jones and J.B.Szirr. 

The details of the experiments are 
important in any comparison or assess- 
es. Jones and his colleagues electrolyze 
heavy water {DjO in a solution , " ' 

a witches’ brewjif-s«Jur^^ Li and 
Pd) with^fough Ti *f=35^ chunks as 
cathodes, driving deuterium into the 
metal with a voltage of 3-25 V and cell 
currents of 10-500 mA. In each 20-ml cell, 
the anode is gold foil. A counter designed 
to detect and identify fast neutrons indi- 
cates a total of 170 ± 23 counts with a 
pulse-height spectrum consistent with th^t 
expected for the 2.45 MeV neutron of the 
well-kn^wn fusion reaction: 

d I d =:’He <0.82 MeV) %±l n 
(2.45 MeV) 

. . ( 1 ) 

•Lau-worter J.B. Czirr described the 
neutron detector in detail. It detects a 
thermnlized neutron by the light flash in 
Li-doped glass. The neutron energy is 
determined by the overall fast light-pulse 
caused by protons recoiling in a liquid 
scintillator as the neutrons are thermali- 
zed. The counting rate is but 2 aA-hour in 
the relevant region of pulse heighL^~~~ — 

The analogous experiments'^by Fleish- 
mnnn -w^Pons -aise_a_s trongly alkaline 
solution <51 0.1 M LiOD~TnTicavy water 
and drive deuterons into Pd rod Cathodes 
(cast and machined) under the influence 
of cell currents up to 800 mA and voltages 
typically o) 12 V, The plan is to detect 
reaction (1) by the 2.22 MeV y - ray result- 
ing from capture of the 2.45 MeV neutron 
(after thcrmalization) r&^jtroton of the 
surrounding water bath; 

P + n = d + y (2.224 
MeV) 

( 2 ) 







.j^ 

_ 6 uj z. 
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The authors describe a very narrow 
peak at 2.2 MeV containing some 3000 y- 
ray counts for an Nal scintillation detector 
close to the electrolytic cells, in compari- 
son with the “level Spectrum” in a similar 
detector 5 m or 10 m away. Unfortunately, 
the full pulse-height spectrum is not 
shown, so that it is not possible to verify 
the presence of the annihilation radiation 
“escape peaks” that would lend more con- 
fidence to the origin of these counts in the 
neutron-proton interaction (2). Further- 
more, no evidence has been given which 
connects the counts with current applied 
to the cell, and there have been no runs 
with ordinary water as a control. 

In the scientific and patent literature, 
over the past 60 years, there have been 
occasional claims of nuclear fusion cataly- 
sed by palladium, but there have previ- 
ously been no credible reports of neutrons 
from metal deuterides for reasons thought 
to be well understood. * " 

Briefly, these are that the Coulomb 
barrier to close approach by nuclei of 
charges Z l e and 2 } e amounts to (Z,c)x 
(Zjc)/r, where r is the nuclear diameter. 
Tbi^amounts lo about 600 keV when Z,= 

^A/ reducing "to a very small value the 
probability that, by quantum mechanical 
tunnelling, the deuterons in a D, molecule 
will approach within the range of nuclear 
forces. 

Even so, the calculation of the rate at 
which deuterium nuclei in a molecule will 
undergo fusion is important as a yardstick 
for assessing the rates reported in the 
recent experiments. At last week’s forum, 
new calculations were presented’ by 
S.E.Koonin (Santa Barbara) of the 
number of fusion reactions per deuteron 
bound in a deuterium molecule by “elec- 
trons” of normal charge but mass m* 
instead of m ( . If the logarithm (base 10) of 
the number of fusions per deuteron per 
second is A (with a subscript to indicate 
the fusion mode), the results come out as 
follows; 

INSERT TABLE COPY HERE 

Others at the meeting agreed with these 
results, which correct an error in some 
previous calculations and use a more 
accurate molecular potential. An impor- 
tant experimental point is provided by the 
case in which 

that in which a negative muon binds two 
deuterons as a molecular ion -ffifLljmes 
smaller in dimensions than the normal 
molecular ion, with of some l^V, as 
predicted' and observed’. 

These results also show the st 
easier penetration of the'liarnef’ by the 
proton,J he explanation lies in the sensi- 
tivity of thcTchancc that the Coulombbao' 
ricr will be penetrated by quantum 
mechanical tunnelling to the “reduced 
mass” n of the two nuclei, which is M t Mj 
(M, + Af,). Numerically, the barrier 
penetration factor 

w..n.nb.a..Jr.'i«rriri^M, ( anxrtRe function k(r) is 

WV(rJ- Of 


The rate of neutron production claimed 


I by Eteis 
1 which 



is A^ 
tire that m*/m. 


Id*. 

w-ere 




C 


4^- 


'J 




1 ^ 0 ^ 


£ 


: v 


'a. 



cquai 10 3, accoraing to tne ngurcs tn tne 
table, A similar value of the effective mass 
is needed to explain the y-ray counts 
reported by 

Although quasi-particles of high effec- 
tive mass are well known in metals, the 
value of m* relates to the relationship 
between the density of states and the 
energy in the band structure of the lattice. 
Thus a quasi-particle of effective mass 5 is 
not capable of binding two deuterons to a 
density 5', or 125, times that of molecular 
hydrogen, or of allowing the nuclei to 
approach one another to a distance 5 times 
smaller than the 0.74 A internuclear 
separation in the D, molecule; tjSfartfuT~ 
distance, 0.15 A, the repulsive poten- 
tial amounts to some 95 eV. 

That is why it was argued at the forum 
last week that one should look for 
dynamic effects to augment the equili- 
brium tunnelling — phonon-assisted tun- 
nelling (Koonin) or coherent acceleration 
(Ponomarev, USSR) in which travelling 
electron density waves ' may trap 
deuterons and accelerate them to the 
same vclocity as the waves. The deuteron 
kinetic energy would then be some 3,700 
times that of an electron of the same velo- 
city and would greatly enhance the chance 
of penetrating through the barrier by 
quantum tunnelling. Alternatively, a solu- 
tion could be sought in “high-7^ supercon- 
ductivity or other miracle of solid-state 
physics", 

Several experimental groups at the 
forum presented results showing no neu- 
trons or y-rays generated in replication of 
the experiments which have been des- 
cribed u . Electrolyzing 1-mm by 10-cm 4 
rods for 10 days gave neutron yields below 
0.6 sW (M M. Broer, AT&T Bell 
Laboratories) or less than 10' 3 of those 
reported by the Brigham Young groun in 
similar circumstances. 

limit of K/Vcrri’ for the d etectio n of t or p 

from the djJreactiorpC/J^~^egfeyf- 

^ V 

Experiment s were reported (Cetcntip^ 
Frascati) with "some increase in neutron 
signal at the beginning of each experiment 
for about 5 minutes , but indistinguishable 
from background after 20 minutes". Ex- 
periments will be transferred to the great 
underground laboratory at Gran Sasso; 
perhaps also those who claim the ability to 
produce neutrons will be hospitable to 
those more adept at detecting than at pro- 
ducing them in this way. 

Non I'avrei ghvnnai creduto . . . I 
M a faro quclche potro, . , I - 

("I would never have believed this, but I’ll 
sec what 1 can do,"^on Giovanni, quoted 
by L. Maiani) ~ 

This, of course, refers to the heat gen- 
eration claimed' of some 10 W per cm’cc 
for 10() hours or more, as well as destruc- 
tive releases of heat that fuse and vaporize 
Pd and destroy the cell. The most likely 
explanation of such Jyappenings is that 
they are likely to be theresult^Tlh^ 
Uochemical creation of high explosive by 
stuffing hydrogen into high-energy sites in 
Pd (analogous to the Wigner energy in 
neutron-irradiated graphite). But no such 




APR 1 ? 



explanation can account for the 4 MJ/cnT 
(or 600 eV per atom) to which continuous 
energy release at such a rate would cor- 
respond. ^ 

One issue to^wr^checkedis whether 
there is indeed such excess heal flow to the 
surrounding water bath, in excess of that 
represented by the product of current and 
voltage applied to the cell (typically 0.8 A 
at 12 V). Stored energy could be at most 3 
eV or so in any chemical reaction, so it is 
of the utmost importance to inquire into 
the details of this measurement; unfor- 
tunately, details are lacking. 

The “excess entbatplfy - generation” is 
measured calorimetrically 1 by a “calibra- 
ted thermistor” &s a t$T between the 
( so j MUmua^ we^ con fe rVKTvfttiCTdcc^ 
trolytic cell and a surrounding thermosta- 
ted water hath, in comparison with the 
AT measured for a resistance heater in 
the cell; the thermal impedance is that 
posed by the dewar flask in which each 
experiment is conducted. For rods of 1- 
nmt, 2-mm and 4-mm diameter, an excess 
heat rate is found' that depends strongly 
on the current density, amounting to 8-20 
W/cm at 0.5 A/cm 1 , which excess heat 
persists during the operation of the cell for 
hundreds of hours, even though the sur- 
face of the Pd rod blackens. 

I have seen insufficient evidence to 
believe that there is “excess heat”, since 
the AT is measured between the bath and 
the thermistor in the electrolytic cell, 
rather than along a fixed conductive link 
between cell and bath, 
there are significant temperature gradi- 
ents within the cell because of imperfect 
stirring or local recombination of hydro- 
gen and oxygen gas, the thermistor 
temperature will not be the temperature 
of the inside wall of the flask, resulting in 
very substantial errors in inferred heat 
generation. 

Even more striking than a heat-produc- 
ing fusion reaction at a rate some 

6xl()'Tm~^~ — ■ — — — ~ 

s 1 is the accompanying claim to 
have detected the production of only 4xltf 
neutrons per cm per scond. This means 
that fewer than 1 in 10’ of the reactions are 
supposed to produce a neutron. 



How can this happen? A coherent 
superposition of isotopic spin states for 
</+<? could cancel out the neutron-produc- 
ing reaction and reinforce the t+p branch 
(D. Wilkinson, Sussex), but would not 
eliminate the usual isospin-zero reaction. 
It would thus change the neutron branch- 
ing-ratio only if the barrier penetration 
were greatly facilitated. This effect can be 
estimated, and l judge the effect is only a 
few per cenl rather than a factor 10\ 

Suggestions of radiationless dccxcita- 
tion of the Tie intermediate state formed 
by d+d thus far fail in two regards: firsts 
the lack of a mechanism and , second, lurch 
a mechanism would add a channel to the 
usual particle decay of 4 He rather than 
suppress the usual channel. Thus such a 
mechanism would need to be 10’ times 
faster than the usual particle channels that 
themselves occur in nuclear transit times 
— a totally new phenomenon. Finally, the 
needed mechanism must not have shown 
itself in the measurement of the cross sec- 
tions — some of which were done in gas 
cells, but some, at times, in metal 
hydrides. '■ 

Somebody is going to have to eat his hat, 
(L. Maiani) 

WV are also human, and need miractes, 
and hope they exkl/t.. Ponomarev, 

Moscow) - — — 

A few neutrons each second (or a few 
thousand) from an electrolytic cell may be 
cold nuclear fusion or may have an “arcs 
and sparks* origin. Within the next fesy 
weeks, experiments will surely show 
whether, cold nuclear fusion is taking 
place; if so, it will teach us much besides 
humility and may indeed provide insight 
into significant geophysical puzzlesu 
Large heat release from fusion at room 
temperature' would be a multi-dimcn- 
sional revolution. 1 bet against its con- 
firmation. 

Richard L. Garwin 


K 
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Jerry Pilarski 


Prof. Francesco CELANI 
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Proposal for Investigating Low Kates o 
"Cold Fusion" Events 


NVEST I GATE P-D, RATHER THAN D~D REACTIONS (E.G. , USE A 

50/50 light/heavy water cocktail), 


Logic 


2 . 




o 


The p-D source becomes stronger than the D-D source at 
low reaction rates, and the 5,5-MeV gamma ray of the 

P + D - ^He + Y REACTION IS ABOUT AS EASY TO IDENTIFY 
AS THE 2.45 MeV NEUTRON OF THE D + D - 5 He + N 
REACTION. 


Measuring the approximate ratio of p-D to D-D reactions 

PROVIDES A DIRECT TEST FOR "COLD-FUSION" TUNNELED, 
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Two reports in tills issue claim fusion from electrolysis of D^Q at a palladium or- 

" 1 

4itanium-otectrod8,~Onems^*-2 T gJMeV^eution^ r presumaWyJxom-ddiusio J vgJtMidaid_ 

2 

deviations above background, The other has considerable production of heat that, if the 
same fusion reaction, would appear to be deficient in neutrons by a factor of wio fi even 
though the number is ~10 4 times greater than the neutrons in Eel. 1, To constrain 
speculation this note gives information obtained (mainly) from the established form of cold 

q 

fusion— -that catalysed by muons. 

The nuclear processes of concern are 

t(l,01 MeV) + p(3.02 MeV) (42%inM3F) (la 

cl (ji f 

' [ s He(0,80.MeV) + n(2,45MeV) (58% in pCF) (lb 

d + t — 4 4 Be(3,5 MeV) + n(14.1 MeV) (2 

The nuclei are held apart by their Coulomb repulsion, A dip molecular ion is urn Jm t 
(=207) times smaller than dte (i.e,, DT*}, This reduces the tail of the Coulomb barrier so 
that fusion 4 occurs in 8*10“ 13 5 for dip and 2*1G” S s for dd p However, it ii important to 
note that this time difference arises in part because muon-catalysed fusion (pOF) of dd 
occurs in a state with an angular momentum barrier (both muonic molecules are formed 
via my musml resonant states with J=l, but AJ=sl transitions of dd p are not allowed 



wnere y, is the reduced mass in amu and E is the c.m, energy in ksV, In the low energy 

limit, which clearly applies to cold fusion, S**S Q (in keV barns) is 2,5* lO” 4 fox pd,^ 

1,0S*1G 2 for dd (including both channels),^ and 1.15* 10 4 for dt. 7 The S function is 

considerably larger for dt than for ad because dt fusion is dominated by a strong " fi He 

resonant intermediate state, and it is quite small for pd since pd fusion normally occurs 
» 

radi &tively, Nevertheless, the penetrability factor always becomes dominant at sufficiently 
low energies, For bars nuclei the dt fusion rate exceeds the dd fusion rate at c,xn, collision 
energies above, *400 eV, likewise we note that the pd fusion rate exceeds the dd fusion rate 
bdoui *200 eV. 

Now let us examine the implications of this factorisation for cold fusion, where some 
of the Coulomb repulsion is shielded by the negative electron or muon charge, It should be 
noted that it is the width, not the height, of the barrier that is most important and that is 


rial energy curve 
fusion,) Fox dd/j 









s. 


however, the use of tritium would appear to offer no advantage. 

The most dramatic effect of shielding on fusion rates previously seen is certainly 
muon-catalysed fusion. Nonetheless, the effect of electronic shielding has been seen in 
ordinary scattering experiments, most notably in the reaction 3 Hs(d,p)%s,® 

For those who would have cosmic ray muons causing the fusion in electrolytic cells, 
0,1/gffi/hr is a reasonable upper limit for the Stopped (T rate in Utah basements. 10 

its number density and its nuclear charge Z; 11 iie., most of the muons would be stopped by 
the high-4 elements (Pd or Ti), Moreover, any dp would initially have about an eV of 
energy and in their theimaUaafion most muons would be transferred to the high-4 
atoms (in any accelerator pCF experiment, high-4 contaminants should be kept well 
below ICT* 4 ). Furthermore, in liquid deuterium the dd^ molecular formation rate is 
comparable to the muon lifetime so few fusions are possible, For sake of argument, let us 
assume these limitations are removed by perfect channeling of the /f' in. the crystal and 
etstrmsly high deuUrm densities (bo the process is not limited by collision rates), Then the 
rnti would ba limited by just the fusion process, and & /T could catalyse *-1000 dd fusions 
during its 2 lifetime if if wore not for the 8% probability of the muon sticking to s Ee 
after dd fusion, After sticking, the p may be regenerated by a collision with a deuteron, 
but even with the assumption of infinite deuteron density the stripping probability of the (i 
from the as it therraaliges is only 32%; 14 hence under the best of circumstances 
(which are not very plausible), only *-20 dd fusions could be catalysed by a single muon, 
With the above fi stopping rat® and an electrode mass of 3 gm, the neutron production 







t “ % ““ tie «te falls rapidly, but of course, 

one no longer has to contend with the short lifetime of f. The tesults of Vlm mtn an( 

Jones Show that the bonding distance may have to be decreased by arilttle as a factor 

2 to obtain the neutron production rate observed by Jones h cl. 1 Such a shrinks woul, 

be obtained for to* 2m,, Interestingly, for transition metal crystals like Pd the effective 

-^m.ofth. charg e carriers tod to be large. So the concent o f , heavy "electron'. 

would explain the fusion of Jones at «(. if the objection to the non-locality of tuC h an 
antity could be overcome, 

With regard to the apparently anmtrmic fusion of Fleisehmann and Pons, the 
equality of rates for (la) and (lb) given by charge symmetry of nuclear forces is slightly 
altered by Coulomb isospta mixing. For bare nude! (plasma fusion) the p-t -w.i „ 
very slightly favoured, but for muon-catalysed fusion the n J* channel is favoured by a 
ratio of 1,4," ‘ The latter is a consequence effusion tailing place in a J=1 Mate. Is any 
event, it would seem quite difficult to suppress the neutron channel or to hide the tritium 
tom assay, The normally rare radiative channel, dd-, a+ ^j 0 MeV), would also show u; 

“ ‘ t0 W T detSS,0r P* P'odtotlon. On the other hand, only heat would 
be detected if it were somehow possible for the recoil momentum to go di m tly into the 
palladium crystal lattice ("Mtabauer fusion"?), but such a process might be expend t 0 
be strongly suppressed by the vastly different scales. Curiously, an axces. amount of «H, 

did enow up in the assay dona by Fldschmaw and Pons, though once again not nearly 
BaougK to explain, the heating, 

in interpreting the Fleischmann and Pons excerim^ 







a cold fusion reaction of d with Pd can be considered highly unlikely, Here again we note 

*7 

that there is the possibility of reaction with p as well as d, namely ' Li(p,a)a 


In conclusion, a great deal of insight into electronic cold fusion is gained by the 


analogy to; muon-catalysed fusion, which has been carefully studied for many years. 





results can not be due to cosmic ray muons, In a 11 this discussion, we have assumed that 

truly belong to the cold fusion family, We might point out 


the current observations 

that they could be but' a distant cousin. For example, it is known that dd fusion neutron 
emission can. accompany the fracture of a LiD crystal; 10 the interpretation is that 
deutexons are accelerated to keV energies by the strong electric fields at the propagating 
cracks Such an effect might occur in the embrittled Pd or Ti crystal, in which case we 
would have microscopically hot fusion under very unueu&l conditions. 
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5. Griffiths, 


c > D >* Can. J. Phyt, 41, 724 (1963), 
f., Phys, Rev, C (to be published). 
k Hale, G. M m Phys. Rev, C M s 1899 (1987) 
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Date: Fri, 14 Apr 89 15:56:10 PDT 
From: muller@uxl.lbl.gov 

To : r 1 g2@ ibm . com 

Subject: yes I got your mail 

Yes I got your mail, and found your comments on Chapline enlightening 
Please send me your paper as soon as you have it. Has Chapline 
responded to your criticism yet? 

Incidentally, I have received my IDA clearance. 

Best regards. 

Rich 
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Originally -From: rrh@june.cs.washington.edu (Robert R. Henry) 

Newsgroups : sc i . physics , sci . chem, alt . fusion 
Subject: UWash Observes Tritium Production in FP Cell 
Date: 13 Apr 89 18:22:29 GMT 

Organization: U of Washington, Computer Science, Seattle 

I attended a press conference at 0930PDT Apr 13, 1989 on the University 
of Washington Campus. What follows is my retyping of the press 
release. My brief comments are in square brackets. I am a computer 
scientist, and not involved with any of this work. 

April 13 1989 

UW students detect signs suggesting 'cold fusion' 

An experiment conducted by two graduate students in physics at the 
University of Washington may be producing indications of a fusion 
reaction at room temperature.. 

The experiment, conducted by Van L. Eden and Wei Liu, involves the use 
of a test tube containing "heavy water" (D20) in which a palladium 
electrode and a gold wire [they didn't have any platinum’ are placed. 

The electrode and wire are connected to a power source ;|l0v, |lma[j. 

The palladium electrode, which is actually a hollow rod with one end 
sealed, is connected to an ultra high vacuum chamber which serves as 
part of a detection system. 

After about 3.5 hours, a [quadrupole[ mass spectrometer connected to 
the vacuum chamber began to detect a mass component [mass 5[ that is a 
possible indicator of tritium, a radioactive isotope of hydrogen that 
is commonly produced in fusion reactions. Their apparatus continued to 
detect this mass for 10 hours. 

As a control, they shut down the apparatus, filled their test tube with 
ordinary water and ran the experiment again. The signal that was 
suspected to be tritium dropped to below measurable levels, and was not 
detected again. 

Finally, Eden and Liu ran the experiment a third time with heavywater 
and observed the return of the signal, showing that if indeed the 
signal is from tritium, they have found a way to start and stop the 
fusion process. 

Eden and Liu began their work after scientists at the Univ. of Utah 
announced their experiments suggesting fusion could occur at room 
temperature. "We happened to have some heavy water in the laboratory, 
and I was able to get some palladium pretty easily," Eden said. They 
worked steadily for about a week before obtaining their results. 

Normally, scientists expect a fusion reaction to produce substantial 
quantities of neutrons, but Eden and Liu have not detected a ny, 
although they are not using a particularly sensitive detector. 

Eden and Liu cautioned that while their results are suggestive of a 
fusion reaction, they are by no means conclusive, since they have not 
ruled out other explanations for their observations. 

Eden and Liu have not yet measured the energy output of their apparatus 
hard to do in the mass spectrometer set up they are using , but Eden 
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estimates, assuming the observed signal is tritium, that approximately 
as much fusion energy was released as electrical energy was added to 
the system. 

These findings have been submitted to Physical Review Letters. Other 
researchers looking into the room temperature fusion claims have 
reported mixed success in finding indications of a fusion reaction. 

Eden and Liu's observation of the possible fusion reaction byproduct, 
Eden said, may be due to the novel palladium electrode geometry and the 
detection system they used. 

Eden and Liu are graduate students studying surface science--the way 
atoms and molecules stick surfaces and move around. Both came to the 
UW in 1986-- Eden from England, and Liu from the People's Republic of 
China. 

-Eden did most of the talking. 4 TV stations in attendance, plus 10 or 
so other kinds of reporters. Eden handled the leading questions very 
well, and was quite pointed about the press making a premature 
sensation about the fusion work. Eden repeatedly gave very cogent 
discussions on how science works, and how confusion and 
cross -fertilization are important to the process. Lets hope some of 
the meta lesson on the scientific process makes it into the media. | 


David W . Levine 
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and Hii.ke Nauenber g . 

On very short notice ( naturally? following the 03/ £3/ 89 
discovery press conference of Fleischmann and Pons in 
Utah 9 and the parallel publication by Jones? 

.us et al 

f \ ■ o m B r i g h a m Y o u. n g U n i v e r s i t y ) 

I helped organize for Nino Zichichi a one-day Workshop in 
Er ice » 

Since it was arranged on the only day I could attend? 

I was finally forced to go. 

» sk 


I believe there were about 40 people invited to the Workshop? 
plus about 60 scientists invited to "observe?" 
p 1 u s a b o u t 3 0 j o u r n a 1 i s t s .. 

It really turned out quite well? in my opinion. 

Fleischmann and Jones were both there, and I want to talk 


S u n d a y e v e n i n g a 

p u b I i c a t i o n :i n 


900— word 


with you personally about some of the discussions and 
p r o s p e c t s » 

I have agreed to prepare by 
report on the Workshop? for 
,. us Nature ? 

and the rest of this note to you is a beginning at gettif«J^) 
my thoughts in order for that paper. ’^4 

Of course? you and I will be presenting papers Thurs<%^^ 
morning on Science Advising? tout perhaps we can talj/i?^ 
lunch or Thursday afternoon . 

There are some real physics puzzles involved? 
and there is one bit of information that you ajad 1 she. 
that I could not mention at the conference. 

..si 

< H a i -i s ? t h i s i s t e i • r i b 1 y r o u g h ? b u t I w a n h a v e i t 

available by FAX so that I can leave yt i^th you.) 

-sk X 

About the only agreement at the International Forum on 
C o 1 d Nu c 1 e a r F 1 1 s i o n 

( "Ettore Ha j or ana" Centre for I n t^Ka%t # i o na 1 Culture? 

E r i c e ? S i c i 1 y ? 0 4 / 1 2 / 8 9 ? c o n v e n £ Jy ? y A . Z i c h i c h i ? D i r e c t o r ) 

is that there should be ynj/^g"reactions of the type? . br 
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j . <n h < l' 


P + D H e - 3 g a m m a C b < 

then D + D e 3 ""'+ n i 
o r D+ D - ""(FK as?: 
in the breathtaking ext 

(Jones, S.E.? ... th iNsJ^Jfesue ) and Fleischmann ? eJT 

( F 1 e i s c h m a n n ? M . ? F^ffW S . 5 H a w k i n s ? J . E 1 e c t r o a n a 1 y t i c a 1 

Chem i st r y ) wh i ch are\ 1 a i mecJ to demonstrate 
light nuclei in electrochemical cell's a few 
in size driven toy currents of less than an 
vo 1 ts . 

In both cases? the authors attribute the fusion to deuterium 
driven into titanium (SEJ) or palladium <HF) metal cathodes 
in a cell of heavy water to which soluble salts have been added — 
a simple 0, ;F"T1 solution of LiOD in the case of HF ? 




fusion of the 
cent i meters 
ampere at a few 


m iK 

uu 



brew of salts? including Li 
t (XT j) 


and Pd, in the case 


SEJ claim's about 0. 6 fusions per second in a few grams of 
Ti sponge cathode? on the evidence of .1.70'" + / -"'"23 excess 
counts attributable to the 2.45"HeV neutrons of Eq""ii., 

Some 13 8-hr runs preceding 03/ 23/89 are included? . — 

only background-Jias^been d s i n c e t h e n .. 

HF claims some 4000 niufrons per second from cast and 
machined Pd rods 1 ? 2? and 4 "ram in diam and 100"'mm? .1,00 "mm? 
and 1. S'"'mm long? respectively? detected by the 2.H""’MeV 
gamma rays created by the capture of the neutrons of 
Eg . "" i i on the protons in a water bath 
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J5**S3 per sec for SEJ 
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10 ** --SO for F'iF s contrast!**!* with a c alculate d 
(arid undetectable) lambda— F of IQ**— ^ for the 
higher local deuteron density in the deuterium 
The repulsive Coulomb barrier 21""Z£ ee/r of 
for accounts for the very small 

rate? norr jfC because of quantum mechanical 
b y t h e p a r t i c 1 e s w i t h a b a r r i e r 


much 

mo 1 ecu le 
0 . 6 "‘"MeV 
ant i c i pa ted 
tunnel ing 

p e n e t r a t i o n f a c t o r B 

The barrier penetration calculation is almost identical 
with that involved in decay of heavy nuclei by alpha 
p a r t x c 1 e e m i s s i o n ; ly ^. «, 

and for specificity has been carried out for bound 
a diatomic molecule by "electrons", of mass M* instead 
Thus? lambda— F can be calculated (Koonin* Cal lech) as 
„ sk ? ,, f o off 
„ tp 13 S3 33 43 53 
IT* /Me ^ 1 

1 ambda OdJ-J 

lambda jp'X. 

„ sk 5 f o 

where the entries in the table are 
of the fusion rate per deuteron. 
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0 1 h e y" g r o u p s a g r e e d w i t h t h e s e c a .1 c u 1 a t i o n s w h i c h 
more accurate molecular potential and correct so 
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Even though Jk:p6 j is 10**6 times slower than 
tiny fraction of particles within the rangsJp nuclear 
forces? the coefficient of the square of* jTO%ave function 
and the quantum mechanical ... calcul;^(^!») D depends so 
strongly on the reduced mass v(Ml MS) /Nfll MS) of the 

nuclei that the JSHp - rate should be ft^u\ly f a ster t,tifix.i._ th.e. 
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But the 5 .4 "MeV gamma is not seer 
casting grave doubt on the occu 
A 1 1 h o u g h p r o t o n s a r e p r e s e n 
water? there is a separati 
e k p e c. t e d :i. i "i t h e e 1 e c t s ■ o 1 y % i 
the metal should be occ 
„ s k 
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i ther group ? 
ce of the D-D 
to about 0 „ '5% in the heavy 
tor of some 9.5 (Fleischmann) 
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so about SK of the 
by P rather than'-D. 
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&/-T Bell La 
detect ion 
t X i a t 


( M „ M „ ''Broer ? AT" 
Brookhaven ) repor ted no 

of neutrons or gammas’? with Broer stating specifically 
a 1 •"•mm by 100""mm rod had been run to 500""mA per square 
centimeters for 10 days? with no neutrons detected above 
a source limit of 1 ••'-per sec? compared with the 1000 per sec 
c 1 a i m e d b y F 1 e i s c h m a n r i „ 

Ziegler reported that there were no fusions of type ii 
detected at an upper limit of 10** -3 per sec per cubic 
a factor 10**3 below SET and 10**6 below MF „ 
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Neu tronjfy were indeed repoi 

and then dropping off to background after SO 
but no data was shown. 
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The astounding claim of Fleischmann* however? 

steady evolution of 
„us heat 

of some 10 watts per cubic centimeter for 100 hours or 
some 4 " MJ/cc or 600"' eV per atom ^ 

Since l A MeV is 1 .6 ''k '10**--13 joule? some 6"'>r"'10**lH fusions 
per S a h a cc (each giving 10 A MeV) would be needed to produce 
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The neutrons or gamma rays from i or 11 would not only bt 
10 *#9 times more numerous than those det 6 l L-ed , 
they would have given a lethal dose to the expei i men be 
in” less than an hour at a distance of 1 -meter. 

Except for MF , none at the Workshop had seen such heat 
nor should they have, if the ratio of heat to neutrons 
the same in the various experiments. ^ 

No special surface preparation of the Johrtson-Mathey rd 
was used <MF) » they were cast and machined, and their 
s u r f a c e 1 ' w i p e d w i t h f i 1 1 e r p a p e i 
a us not 
Kleenex." 

pvn 8-mm di am rod "did not work,," 

The lithium was "mostly Li-7. " <\ 

Pome lithium "went into the Pd lattice, but Fleischmann 
"does not wish to report any analysis of cathodes al twi 

e x p e r i m e n t . " 

"It is normal to have blackening of the cathode , 
h 1 1 1 t h e t h e r m a 1 y i e 1 d r e m a i n s t ft e s a m e „ 

" L i t i urn in the electrolyte is important to prevent 
cracking of the cathode. 

In reply to comments that a critical experiment would 
a run with ordinary water, Fleischmann replied firmly, 

"1 am not prepared to discuss light water and will 
be for some months." n 

„sk . . 

Turning from how one could realize the 
1 o**-l6 per particle per second required 
■the heat, Denys Wilkinson responded ^to 
to identify sws to a reaction 

He suggested that one might under thesj^c^^itions have 
the D--D reaction totally dominated by Coulomb 

force, and not just the barrier penetration. 

If the initial state were not a sta^sf* * definite 
.topic spin < isospin), as is the^Aeron normally 
0), then the two component sj&m sp m states would 
cancel in the reaction going w^utron and would 
e i n f o r c e i n t hi e b r a n c h g o wna\o t b e p r o t o n . 

It was pointed out < Sarwin Mi^at this was an 

additional channel, tertf un j y 

a 1 ready invo 1 ved , a a d' -wou k4 

, :.y. y..- i: -i nr! i. | .c- nm-iiiai Winter 
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Actually, the reaction D^+ A L i --6 would provide a radiationless 
energy yield, and if D~+ A Li~6 were to occur , Dp-'+-'Li- V 
would go much faster in the lattice (barwm; . 

The Coulomb barrier for these reactions is three times as 
high as for » but so long as one is imagining 

screening the Coulomb potential to the required extent, 
one could screen it to a factor 1 .73 times smaller distance, 
where the penetration, of the higher barrier would be 

the same as for D— D, 

N o b q u i t e t h e s a m e * 


p e n e t r a t i o n , o f t he 

IVvxUir 

because the reduced mass of P is greater 
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Date: Friday, 14 April 1989 1119-EST 

From: SHERMAN@PENNDRLS 

Subject : 

To : RLG2@YKTVMV 

Dear Dick, 

Thanks for your comments on the security chapter, which iust 

arrived. 


Mush Goldberger told me last night that you were studying the 
cold fusion papers, claims etc. and that you had met in Italy with the 
some of the experimenters. 

If you write anything on this could you bitmail it here? 

Roy Middleton at our tandem had titanium foils which he loaded 
with D2 and H2 twelve years ago. He is the world's expert on using 
tandems for mass spectometer measurements. Unfortunately they ran 
tritium some years ago so there is contamination. He saw a difference 
but he knows how tricky these experiments are. I believe he is sending 
samples to Harry Gove who does not have the background problem. 

Roy is at 898-8832. 


Sherman 




